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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce a signal noise caused by high-speed 
operation of a senniconductor device with a capacitor and to reduce inductance 

with a capacitor. 

SOLUTION: A capacitor 3 is built in an insulated substrate, a packaging plane for 



packaging a semiconductor device 4 is provided on the surface of the insulated 
substrate 1, the capacitor 3 is provided at least two positive electrodes 6a and at 
least two negative electrodes 6b, first and second conductor layers 8 and 9 are 
formed inside the insulated substrate 1 between the capacitor 3 and the surface 
of the insulated substrate 1, all the positive electrodes 6a of the capacitor 3 are 
electrically connected to the first conductor layer 8, all the negative electrodes 6b 
of the capacitor 3 are electrically connected to the second conductor layer 9, a 
via hole conductor 10 is formed from the first and second conductor layers 8 and 
9 to the surface of the insulated substrate 1, and this via hole conductor 10 and 
the semiconductor device 4 are connected. 
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CLAIMS 

[Clalm(s)] 

[Claim 1] While building a capacitor element in the interior of an insulating 
substrate, it is the capacitor built-in wiring substrate which comes to provide the 
loading side which carries electronic parts in the front face of said insulating 
substrate. While possessing two or more positive electrodes and the two or more 
negative electrodes, said capacitor element The 1st and 2nd conductor layers 
are formed in the interior of the insulating substrate between this capacitor 
element and said insulating-substrate front face. To said 1st conductor layer, 
while connecting with all the negative electrode and 2nd conductor layer of said 
capacitor electrically, respectively, all the positive electrodes of said capacitor the 
beer hall which arrives at said insulating-substrate front face from said 1st and 
2nd conductor layers, respectively - the capacitor built-in wiring substrate 
characterized by coming to form a conductor. 
[Claim 2] The capacitor built-in wiring substrate according to claim 1 
characterized by the thickness of the insulating layer between said conductor 
layers and said insulating-substrate front faces being 0.3mm or less. 
[Claim 3] The capacitor built-in wiring substrate according to claim 1 with which 
said insulating substrate is characterized by containing organic resin. 
[Claim 4] The capacitor built-in wiring substrate according to claim 1 
characterized by said capacitor element consisting of a stacked type ceramic 
condenser. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Specifically, this invention relates to the wiring substrate of 
the low inductance which comes to build a capacitor element in the interior of a 
wiring substrate about the wiring substrate which mounted electronic parts, such 
as an LSI chip, in the front face. 
[0002] 

[Description of the Prior Art] In recent years, the electronic equipment by which 
high-speed operation is called for comes to be widely used with the spread of 
communication equipment, and the package in which high-speed operation is 
possible is further called for in connection with this. In order to perform such high- 
speed operation, it is necessary to reduce an electrical signal noise as much as 
possible. For that purpose, to reduce the inductance of the wiring section is 
needed by arranging passive electronic parts, such as a capacitor, near the 
active electronic device, and shortening the wire length of an electronic circuitry 
as much as possible. 

[0003] As an approach of coping with such a problem, making a bypass capacitor 



form between the flat-surface pattern pulled out fronn the voltage plane and the 
flat-surface pattern pulled out from the grand layer is proposed by JP, 7-142871, A. 
[0004] Moreover, according to JP,10-92966,A, mounting a chip capacitor near 
the cavity which carried out the hermetic seal of the semiconductor device, and 
arranging a chip capacitor near the semiconductor device as much as possible is 
proposed. 
[0005] 

[Problem(s) to be Solved by the Invention] however, the beer hall of the fraction 
which connects the flat-surface electrode surface used for a drawer from the 
voltage plane and grand layer inside a substrate with the structure of this JP,7- 
142871 ,A ~ that concentration of electromagnetic field occurs in a conductor, 
and the beer hall for connecting ~ when the number of conductors was made to 
increase, there was a problem to which the capacity of a dielectric layer falls. 
[0006] moreover ~ although the capacitor which has one pair of forward negative 
electrodes is arranged in one stage in a cavity according to JP,10-92966,A, since 
the capacitor is mounted in a different part from the connection section of a 
semiconductor device, in order to connect a capacitor and a semiconductor 
device ~ the beer hall in an insulating substrate ~ since it is necessary to take 
about by the conductor or the wiring circuitry layer, a wire length will become long 
and an inductance will become high. 

[0007] Therefore, this invention aims at offering the structure of a wiring substrate 
where the inductance by the capacitor arranged near the semiconductor device 
was reduced effectively while it reduces the signal noise resulting from the high- 
speed operation of a semiconductor device. 
[0008] 

[Means for Solving the Problem] While building a capacitor element in the interior 
of an insulating substrate, this invention persons As a result of repeating 
examination to the above-mentioned technical problem in the capacitor built-in 
wiring substrate which comes to provide the loading side which carries electronic 
parts in the front face of said insulating substrate, as a capacitor element built in 



in an insulating substrate Wliile using tlie capacitor possessing two or nnore 
positive electrodes and the two or more negative electrodes The 1st and 2nd 
conductor layers are formed in the interior of the insulating substrate between 
this capacitor element and said insulating-substrate front face. To said 1st 
conductor layer, while connecting with all the negative electrode and 2nd 
conductor layer of said capacitor electrically, respectively, all the positive 
electrodes of said capacitor the beer hall which arrives at said insulating- 
substrate front face from said 1st and 2nd conductor layers, respectively ~ a 
conductor ~ forming ~ this beer hall -- it finds out that the above-mentioned 
object can be attained by connecting electrically a conductor and electronic parts, 
such as a semiconductor device carried in a substrate front face. 
[0009] Especially, it is desirable for the thickness of the insulating layer between 
said conductor layers and said insulating-substrate front faces to be 0.3mm or 
less. 

[0010] Namely, it adds to the capacitor element which has two or more positive 
electrodes and the two negative electrodes or more being a low inductance as a 
built-in capacitor element according to this invention, this conductor layer after 
connecting each positive electrode and the negative electrode of a capacitor to 
one conductor layer, respectively in connecting the capacitor and electronic parts 
of this low inductance, and an electrical part ~ a beer hall, while connecting via a 
conductor By making thin thickness of the insulating layer which exists between a 
conductor layer and a substrate front face, since distance of a conductor layer 
and electronic parts can be shortened, reduction-ization of an inductance can be 
attained on an effective target. 
[0011] 

[Embodiment of the Invention] It explains to a detail based on drawing 1 which 
shows the outline sectional view in one example of the capacitor built-in wiring 
substrate of this invention. The cavity 2 is formed in the interior of an insulating 
substrate 1, and, as for the wiring substrate A in this invention, the capacitor 
element 3 is built in in the cavity 2. Moreover, the semiconductor device 4 is 



mounted in right above in wliicli tlie capacitor elennent 3 of tlie wiring substrate A 

is built as electronic parts. 

[0012] In this invention, the capacitor elennent 3 built in in an insulating substrate 
1 possesses two or nnore positive electrodes and the two negative electrodes or 
more. An example of such a capacitor element 3 was shown in the outline 
perspective view of drawing 2 . The capacitor element 3 of this drawing 2 
consists of a laminating mold ceramic condenser which consists of a layered 
product of the shape of Nogata formed by carrying out the laminating of the 
ceramic dielectric layer 5 which uses BaTIOS as a principal component, and 
arrangement formation of four positive electrode 6a and the four negative 
electrode 6b is carried out uniformly independently at the outside surface of that 
layered product. In the capacitor element of drawing 2 (a), negative electrode 6b 
is formed in the center section of each side, and positive electrode 6a is formed 
in each corner. 

[0013] Moreover, between each ceramic dielectric layers of a layered product, 
internal electrode 7b for negative electrodes of a pattern as shown in internal 
electrode 7a for positive electrodes of a pattern as shown in drawing 2 (b), and 
drawing 2 (c) is formed by turns, and positive electrode 6a and internal electrode 
7b for negative electrodes are electrically connected with negative electrode 6b 
for internal electrode 7a for positive electrodes by the end face of a layered 
product, respectively. 

[0014] On the other hand, the 1st conductor layer 8 and the 2nd conductor layer 
9 are formed in the insulating-substrate 1 interior between the electronic-parts 
loading side front faces of the capacitor element 3 of the built-in above- 
mentioned structure, and the beer hall formed in right above by penetrating an 
insulating layer vertically from four positive electrode 6a and this positive 
electrode 6a of a capacitor element 3 as this 1st conductor layer 8 was shown in 
pattern drawing of drawing 3 (a) ~ it connects electrically through the conductor 
10. 

[0015] moreover, the beer hall similarly formed in right above by penetrating an 



insulating layer vertically fronn four negative electrode 6b and this negative 
electrode 6b of a capacitor element 3 as the 2nd conductor layer 9 was shown in 
pattern drawing shown in drawing 3 (b) - it connects electrically through the 
conductor 1 1 . 

[0016] in addition, the beer hall which connects negative electrode 6b and the 
2nd conductor layer 9 to the 1st conductor layer 8 - the opening 12 in which the 
conductor was fornned is formed so that a conductor 1 1 may not be contacted. 
[0017] and to the 1st conductor layer 8 connected with positive electrode 6a of a 
capacitor element 3 The conductor 13 is formed, furthermore, an electronic-parts 
loading side -- applying - a beer hall - To the 2nd conductor layer 9 which is 
connected with the land 14 for positive electrodes prepared in the substrate front 
face, and was similarly connected with negative electrode 6b of a capacitor 
element 3 furthermore, an electronic-parts loading side - applying - a beer hall - 
- the conductor 15 is formed and it connects with the land 16 for the negative 
electrodes prepared in the substrate front face. 

[0018] And it connects with the bump of the semiconductor device 4 carried in 
the front face of an insulating substrate 1, and said land 14 for positive electrodes 
and the land 16 for the negative electrodes electrically. 
[0019] According to this invention, as compared with the capacitor element 
possessing one common positive electrode and the one negative electrode, an 
inductance can be reduced as a capacitor element 3 built in in the wiring 
substrate A by using the capacitor element possessing two or more positive 
electrodes and negative electrodes. This is because concentration of the 
electromagnetic field of the polar zone is suppressed. 
[0020] thus, two or more positive electrode 6a and negative electrode 6b of a 
capacitor element 3 - once - a beer hall - the beer hall from these conductor 
layers 8 and 9 after putting together to conductor layers 8 and 9 with conductors 
10 and 11, respectively - making a substrate front face draw with conductors 13 
and 15 - direct [ from positive electrode 6a of a capacitor element 3, or negative 
electrode 6b ], and a substrate front face - a beer hall - an inductance can be 



reduced as compared with deriving witli a conductor, tliis -- a beer liall - a 

conductor ~ it is because tlie electronnagnetic field concentrated on tlie section 
can be distributed on a flat surface conductor layer. 

[0021] Furthermore, as a result of being able to make small connection distance 
of a semiconductor device 4 and a capacitor element by making thin thickness of 
the insulating layer located above a capacitor element 3 in the above-mentioned 
structure according to this invention, an inductance can be reduced further. 
[0022] Specifically, in other words, an inductance can be effectively reduced the 
thickness x of the insulating layer currently formed above the capacitor element 3, 
and by setting laying-under-the-ground distance from a substrate front face to a 
capacitor element 3 to 0.3mm or less. 

[0023] moreover, the beer hall connected with the electrode 6 of a capacitor 
element 3 at the underside side of the capacitor element 3 built in in the wiring 
substrate A, respectively as shown in drawing 1 - with a conductor 17, it is 
drawn by the pad 18 of the rear face of the wiring substrate A, and this pad 18 
can be connected to a power source. 

[0024] As construction material of the insulating substrate 1 in the capacitor built- 
in wiring substrate A of this invention The ceramic system insulating material 
which will consist of the so-called sintered compact if the above structures with a 
built-in capacitor element can be formed. Or although you may be any of the 
organic system insulating material which contains organic resin at least as an 
insulating component When forming the structure which laid under the interior of 
a substrate the capacitor element 3 possessing two or more electrodes formed 
beforehand, it is desirable to consist of an organic system insulating material 
which does not need a sintering process. 

[0025] Then, the manufacture approach of the capacitor built-in wiring substrate 

of this invention which consists of the above-mentioned organic system insulating 
material as an insulating substrate next is explained. 

[0026] First, the prepreg in the condition which sank in thermosetting resin, such 
as an epoxy resin, of not hardening is prepared for the textile fabrics or the 



nonwoven fabric of the insulation slieet in tlie condition wliicli consists of a 
charge of an admixture of thermosetting resin, such as epoxy system resin and 
polyphenylene ether resin, or thermosetting resin, and ceramic powder, such as 
a silica and an alumina, of not hardening or a glass fiber, or an aramid fiber. 
[0027] And as first shown in process drawing of drawing 4 , the cavity 21 which 
builds in a capacitor element is formed by punching etc. to the above-mentioned 
prepreg 20 (a), the conductive paste which forms a beer hall 23 to an insulation 
sheet 22, and, on the other hand, contains conductive powder, such as Cu 
powder, in the beer hall 23 -- being filled up ~ a beer hall ~ (b) which forms a 
conductor 24. Then, a conductor layer 25 is formed in the front face of this 
insulation sheet 22 (c). after this conductor layer 25 boils metallic foils, such as 
for example, Cu foil and aluminum foil, and sticks them on the surface of an 
insulation sheet, it has the approach of forming the conductor layer of a 
predetermined pattern according to the process of resist spreading, exposure, 
development, etching, and resist clearance, or the approach of imprinting what 
stuck said metallic foil on the front face of a resin film, and formed the conductor 
layer of a predetermined pattern like the above beforehand on the front face of 
said insulation sheet. Among these, latter one is suitable for the latter approach 
at the point that an insulation sheet is not exposed to an etching reagent etc. and 
an insulation sheet does not deteriorate. 

[0028] And while installing a capacitor element 26 in the cavity 21 of prepreg 20 
this prepreg 20 - up and down ~ the manufacture approach of of the above (b) 
and (c) - applying - said beer hall - insulation sheet 30a in which the conductor 
27, and a conductor layer 28 and the pad 29 for connection with a semiconductor 
device were formed - When the laminating of 30b, 30c, 30d, and the 30e is 
carried out and the thermosetting resin in said insulation sheet and prepreg heats 
this laminated material at sufficient temperature to harden, the wiring substrate 
which contained the capacitor element as shown in drawing 1 is producible. 
[0029] in addition, the beer hall of the positive electrode of a capacitor element 
26 and the negative electrode which were arranged in prepreg 20, and an 



insulation slieet - in order to nnal<e electric connection with a conductor - a beer 
hall - applying to the positive electrode and negative electrode front face of a 
connection with the capacitor element of a conductor, and/or a capacitor element 
the solder which can be fused at heat-curing temperature - a capacitor element 
and a beer hall - connection with a conductor can be ensured. 
[0030] 

[Example] (1) The pattern of the internal electrode for positive electrodes as used 
the metal paste of Ag-Pd for the front face of two or more ceramic dielectric 
sheets of BaTiOS system and shown in drawing 2 , or the internal electrode for 
negative electrodes was screen-stenciled. Then, after carrying out laminating 
adhesion of those sheets under the temperature of 55 degrees C, and the 
pressure of 150kg/cm2 and cutting using a cutter in the state of Green, it 
calcinated in the temperature of 1220 degrees C of atmospheric-air ambient 
atmospheres, and the capacitor element pack was produced. 
[0031] And the paste of Ag-Pd was applied to the positive electrode formation 
section and the negative electrode formation section, It could be burned on the 
outside surface of this capacitor element pack at the temperature of 850 degrees 
C, and the stacked type ceramic condenser of eight terminals as shown by 
drawing 2 possessing two or more positive electrodes and negative electrodes 
was produced. 

[0032] In addition, as for this capacitor element, the positive electrode and the 
four negative electrodes II.OnF(s) and whose self-inductances 1.6x1.6x0.3 
(mm3) and electrostatic capacity are 80 (pH) and that dimension of whose is four 
places are formed. 

(2) The prepreg of A-PPE (heat-curing mold polyphenylene ether) resin (curing 
temperature = 200) 55 volume % and glass cloth 45 volume % was prepared. 
Moreover, similarly the cavity 1 .7mm long and 1 .7mm wide [ slightly larger ] than 
the magnitude of the capacitor contained by trephine processing by carbon 
dioxide laser was formed in a part of prepreg. 

(3) On the other hand, so that it may become the rate of silica powder 50 



volume % to PPE (polyphenylene ether) resin Mix tlie resin and tlie powder of a 
varnish condition and two or more insulation sheets with a thicl<ness of 150 
micrometers are produced with a doctor blade method, the beer hall for 
connecting with those insulation sheets with a conductor layer and the bump of a 
semiconductor device - the beer hall for connecting a conductor, and a capacitor 
element and a conductor layer - as a conductor the conductive paste containing 
the copper powder whose mean diameter which formed two or more beer halls 
with a diameter of 0.1mm by punching, and plated silver on the front face is 5 
micrometers - being filled up ~ a beer hall -- the conductor was formed, in 
addition, a beer hall -- as a conductor - the number of the bumps of a 
semiconductor device - suiting - 42-252 beer halls - the conductor was formed. 

(4) On the other hand, adhesives were applied to the front face of the imprint 
sheet which consists of polyethylene terephthalate (PET) resin, and 12 
micrometers in thickness and copper foil of 0.8 micrometers of surface 
roughness were pasted up on the whole surface. And after applying the 
photoresist (dry film) and performing exposure development, this was immersed 
into the ferric-chloride solution, etching clearance of the non-pattern section was 
carried out, and the conductor layer for positive electrodes and the conductor 
layer for negative electrodes were formed. 

[0033] In addition, the produced wiring circuitry layer is a detailed pattern whose 
spacing of 20 micrometers, wiring, and wiring line breadth is 20 micrometers. 

(5) And after sticking the conductor-layer side of an imprint sheet to an insulation 
sheet by pressure by the pressure of 30kg/cm2, the imprint sheet was removed 
on the front face of the insulation sheet produced by (2), and it was made to 
imprint a conductor layer to an insulation sheet. 

(6) Next, temporary installation of the stacked type ceramic condenser chip 
produced by (1) in the cavity of the prepreg in which the cavity produced by (2) 
was formed was carried out, the clearance between surrounding of a chip was 
filled up with epoxy resin 40 volume % and silica 60 volume %, and temporary 
immobilization was carried out. 



[0034] The laminating of tlie insulation sheet of two sheets which has a 
conductor is carried out. pass (3) and (4) on the front face -- the produced 
conductor layer and a beer hall ~ The temporary laminating of the insulation 
sheet of one sheet with which the conductor and the wiring circuitry layer were 
formed is carried out. furthermore ~ further - a it top ~ a semiconductor device 
loading side - becoming - a beer hall - the electrode which laid the capacitor for 
built-in produced above (1) in the front face by the side of reverse, and was 
formed in it on the surface of the capacitor with the component side of the 
semiconductor device, and a beer hall ~ alignment was carried out so that the 
outcrop of the edge of a conductor might contact, and temporary immobilization 
was carried out with organic system adhesives. 

(7) And at 200 degrees C, this laminated material is heated for 1 hour, and 
carried out full hardening, and the multilayer-interconnection substrate was 
produced. In addition, the opening of an insulation sheet contracted by floating of 
the resin by heating, the insulating layer and the capacitor chip stuck, and most 
clearances between a chip and an insulating layer were lost. In this way, the 
insulating bed depth per layer produced the assessment substrate which is 
0.10mm. 

[0035] The produced capacitor built-in wiring substrate is set in frequency of 
1 .OMHz - 1 .8MHz using an impedance analyzer. Measure the frequency 
characteristics of an impedance and the capacity value of a 1 MHz capacitor is 
measured simultaneously. Based on fO=1/(2pi(L-C) 1/2) (the inside of a formula, 
fO:resonance-frequency (Hz) C:electrostatic-capacity (F), L: inductance (H)), it 
asked for the inductance by count from resonance frequency. 
[0036] Moreover, the thickness of the insulating layer of the top face of a 
capacitor element was changed as shown in a table 1, and change of a property 
was measured. 

[0037] without it minds the example of a comparison, next a conductor layer -- 
one positive electrode of 8 terminal electrode capacitor element, and the one 
negative electrode ~ a beer hall ~ with the conductor, directly, compare with a 



semiconductor device tlie assessment substrate 1 (No.9) for a comparison and 
capacitor element wliicli the substrate front face was made to draw on tlie front 
face of a wiring substrate, tlney were made to carry in it, and tlie wiring substrate 
2 (No. 10) for a comparison connected with the semiconductor device through the 
internal wiring circuitry layer was produced. 

[0038] moreover - without it builds in the conventional stacked type ceramic 
condenser of the electrode (one positive electrode, one negative electrode) of a 
couple as a capacitor element to build in and minds the electrode and conductor 
layer ~ direct and a beer hall ~ with the conductor, the wiring substrate 3 (No. 11) 
for a comparison which the substrate front face was made to draw was produced, 
and same assessment was performed. 
[0039] 
[A table 1] 



No 




ti m 


mm 


t*7» 


mm. 

nF 


MHz 


pH 


mm 


1 


. 


300 


0.6 


42 


11.05 


136 


124.06 




2 




300 


0.3 


84 


11.04 


140 


117.18 




3 




300 


0.2 


126 


11.04 


150 


102.06 




4 




300 


o.i 


252 


11.03 


165 


S4.44 




5 




150 


0.8 


42 


11.03 


180 


89.80 




6 




200 


0.S 


42 


11.02 


144 


110.96 




7 




400 


0.e 


42 


11.02 


118 


16525 




8 




500 


0.6 


42 


11.03 


92 


271.60 




* a 




300 


o,e 


4Z 


11.03 


80 


359.19 




+ 10 




300 


0.6 


42 


11.03 


85 


318.18 




*11 




300 


0.6 


42 


11.03 


57 


70755 





[0040] Based on this invention, the capacitor element which has two or more 

electrodes was built in, although the capacitor built-in wiring substrate (sample 
No. 1-8) of this invention in which the conductor layer for positive electrodes and 



the conductor layer for negative electrodes were fornned contained the capacitor 
element, as compared with the wiring substrate (sample No. 11) which does not 
form the conductor layer for positive electrodes, and the conductor layer for 
negative electrodes, its resonance frequency was high and it was able to set the 
inductance to 300 or less pH, so that clearly from the result of a table 1 . 
Moreover, in the wiring substrate of this invention, the inductance was able to be 
reduced, so that the insulating bed depth was made thin. 
[0041] On the other hand, since the wiring substrate (sample No. 10) which 
mounted the capacitor element in the front face served as a circumference circuit 
which let the inner layer pass from the sample in the sense terminal, even if it 
approached and mounted the semiconductor device and the capacitor element in 
0.3mm, the inductance was a high value as compared with built-in. 
[0042] 

[Effect of the Invention] In the wiring substrate which contained the capacitor 
element according to this invention as mentioned above Form a two-layer 
conductor layer directly under electronic parts, such as a semiconductor device, 
and this two-layer conductor layer is received. Each positive electrode and the 
negative electrode of a capacitor element which have two or more positive 
electrodes and negative electrodes which were built in in the wiring substrate are 
connected, the beer hall which penetrates the insulating layer of a conductor- 
layer upside two-layer [ these ] ~ by connecting with the electronic parts carried 
in the substrate front face through the conductor The signal noise in the actuation 
at the time of mounting a semiconductor device in that an inductance can be 
reduced and a wiring substrate front face can be reduced effectively. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the outline sectional view of the capacitor built-in wiring substrate 
of this invention. 

[Drawing 2] It is for explaining the capacitor element used by this invention, and 
(a) is [ pattern drawing of the internal electrode for positive electrodes and (c of 
an outline perspective view and (b)) ] internal electrode pattern drawings for 
negative electrodes. 

[Drawing 3] They are pattern drawing of the (a) 1st conductor layer in the wiring 
substrate of this invention, and pattern drawing of the (b) 2nd conductor layer. 
[Drawing 4] It is process drawing in order to manufacture the capacitor built-in 
wiring substrate of this invention. 
[Description of Notations] 
A Wiring substrate 

1 Insulating Substrate 

2 Cavity 

3 Capacitor Element 

4 Semiconductor Device 

5 Ceramic Dielectric Layer 
6a Positive electrode 

6b Negative electrode 

7a The internal electrode for positive electrodes 
7b The internal electrode for negative electrodes 
8 1st Conductor Layer 



9 2nd Conductor Layer 

10, 11, and 1 7 a beer hall ~ conductor 
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[Drawing 1] 




[Drawing 3] 
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[Drawing 4] 
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iE€SS:Mfa®ii^»*iii:. mt^^yTy^(r)~t^x 

h uz^ mm. 1 i 2 oM^m-h^ ^ ^ti^timi 
mmmmmm^zmth \irt^-)vmmm\kLx^j:h^ 

im 1 iBtton yfy^nmmmsm... 

y^y^t^h^xh ^ b mmb^mmitm<Day 
ry^mmmimm.. 

[000 1] 

om^iSpii^^ffitmi L tzmmm^zm-ft i^cox-h 

0. Mmmi. &^Mm^mz-j>Ty^mi'^[Hm 
ix^j:ii&-( y^^^yxmiw^mizm-t^hcoxh 

[0 0 0 2] 

si^^titm^mmf)^m<i^mixhXo^z^s'o. 

Tv^l,. ^ffyXd^^mmWii'f^ndfzibizli. VMim 

Ty^mc^)^mm^mffu?:mmm'f-m^c^Mimzmw 

1. m'TmmMmmmtim<^h:iti,zx'o. am 

^co-( y^s^':^ :^^yxiimf^^bii^SWb^tiX\-^ 

[0003];oj;3 ^crn1Mt;MX5t-|.*f£fc IX , M 
iH\ - 1 4 2 8 7 l^«i. miJIM*'^>?l^ 

^tmm^tix\^i. 

[0 0 04] tfz. m^f-l 0-9 2 9 6 6-f-tJ;il 

rayry^^mmLx. x%h mr^mw.mwi&.m 

iZf- -y 7° 3 yfy-t^Mm- 1. ; h :?)^"*IS$iXT I ^ I. „ 
[0 0 0 5] 



7-142871 ^comm.x'iimui^w^commm'^ 

y ¥m^j^^<^'S\% nmzmv^^ti^w-mvMmk ^ 

[0006] ttz. ttH^Tl 0-9 29 66-^tj;il 
H\ 1 M^iEtSlr^r-t-li 3 yr y-if Sr^-^- ^ l^t^ 
— 9c?)^tcidM-ri.C>i^t^. 3yry-tfii, 
<7)$gi^fEtM^SfE^tll^§^iTV^S/i46t. 3yT 
y^f ^ ISI|-rl>/ift^^alei^SSl*I<7)e 

r;^^-;^##:^ffillID]S#jiT■■? I % mt'mfmh fzmz 
WMm^^ <t£'<)Ayf^^vy.is^-m<ts:'^XL±o. 

[ 0 0 0 7 ] ^-^-c. immt. ^mwm'fmum^ 
\,z%mfhmjAx^m:fhbb%,\,z. ^mpt 

iff^t^ffig L/i 3 yr >'^t J: !> ^ >'*'"^ ^ >'X ^fj^ 
hho:>xhh. 

[0008] 

<7^nnAz , 3 y ^- y^f rtS-t^, fc y t (c . ItriEie 

mm.(^)m.mz:^-fm^xx'£\mth\mm^?km\.xts: 
h 3 y T y -tf i^j^Mffifistet jo ft-g. \L%t<^mmzn l 

T^l^^fiti/i^a. ^SKi*it:i*i]t^S3yTy-9- 
^^mfh 3 y^>-tf ^ fflv^s 1 1 [z , lt3 yrV-tf 

«^ t mwmmmim t <rm<nmm\mmz . m i 

<7)jE«®&mnami<7)^ftjit. wm^yfy^m^ 

X tm2 (^mm^z^tl^'i^mnm^z^mi■l 

> b ! - mtm 1 i t/B 2 iO^#c]i*^ ^iimttT 

m^mmmmm^zm-ti ^rt^-a-mmfm 
fTTj^-zt-sft t mmmm^zmm ^tii 

t:mMmi,zmmt^ ^blzX'O. ±Bm 

mtimjS.X ^hZb^:^\-^fzLfzijCOX%l. 

[ 0 0 0 9 ] mmmi^Mbmmimmummbcr) 

mcomMMcD^^tl^ 0 . 3 mmiilTXh l^b^jMtL 
^\ 

[0010] mh. ^%mi>zxini. ff^m::iyTy^m 

Tb LX . 2oIi[±(7)IEmSi: 2 -^iiliOt^Sfc ^^f 
^§ 3 yr y+)-^^^if£^ y ^ yxffe l> ^ fc tcJD 
i.. ;tOfi>f y:?'"^^yX(7)3yr>-tfi:€i^i5p°ni:& 

mmti \,zhfz I? . 3 y^y^(n^-mmiixf^%m 

. M^m b mMm b (m[zi^t£tumm(^w^^ 
m<^h^b\,zi.-ox . mw.mbn.i-%^nb(mm&'^ 
< htzMz^ yy^^yx(ri\m-[t^^mm\,zm^ 

^btK'%h. 
[00 11] 
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Wi-mmm^z&fim.mmmm^:^^tm i ^ t 

mM£MA(Da y^y^m^ 3 t''\^m^ti^W±lzii. 

[0012] ^?^m^zi5\^x . mmmu i i^ti^jt§tL 

§ a yry^mT 3 tt. 2oli[±i7)jEm® t 2'^lil±t^j 

^3(7)— M^ia2i7)ffif^ff?IHt:^Lit. >! (7)02 (7) 3 

yT>-'f3l^3i±. BaTi 03^±|jSc*fc-ri>-fe7 5 

X. ^<r)WMi^<^^\-^mi>Zli. 4'0(7)jEttffi6ai:4'0 

conmme b t m^iLixmmzmwnmi^nxx^i , 

[112 (a) i?)r?>T^>-if#^tfcUTii:, :t€ft6b{i: 

^mcr)^^m^z. iEfl:S6a(±. mmizmm^tix^^ 

H2 (b) ^z^.^tilXd^^^-<^-ycOsEmm\H 

mmm7^ym2 (c) t^s^ixi.ia^r^t^'-yot 

gPtt®7a(±. jE«ffi6ai:. Mffiffll*lg|5«®7 b{4M 

[0014]-*. ^ii$il/-o±ISc?)ftjic^3yr 

X^-^l. ^IX. ^iD|gl£7)##:M8(.±, 03 (a) <7) 
^^^'—yM^z^^-fXoi^z, ayfy-^tmi^3cr,)4^cr)jE 

a k . ZCOJEWt&e a^^/^EJitieiliiSrSEtC 

MmixmfS.^iitz^Tt^-)mi^i oi:irLxmM.m 
i>zim^tLX\^^i. 

[0 0 15] tfz. i5]«t, m2comitS9ii., m3 

(b) t^-fyN-^J'-yllt^t- j; '3 ayry^m^ 
3cr,4--J(^M.9M6ht. :icr,M.VM6h^^hM±.^zm 

mm^mmzMMLxm^^iif^h'T^.-jmi^i n 
■iYLxmmmzmm^tix^^^. 

[ 0 0 1 6 ] . H 1 comi^MSiiZli. b b 

m 2 9 1 mmt^ fr 1 1 1 mm. 

[0 0 17] ^LT. 3yT>-tf3|^3 0IEmS6 at 

Htc^^ftTfr^^-zL-wfri 3^%M§^iT*^'9. mm 
mmi^zmn wziEmmmyy y 1 4 tmm^tixt^ 

§ti/-cm2c^w#cii9tca. $^iz. mi'mshmmm^z 
i^^fx\L7t^~)vmi^i siimf&^tixti'o. smmm 



izmir^titznmmmyyY 1 e tmm$iix\^^h. 
[ 0 0 1 8 ] ^ tT . mmmm 1 <^mmi^zmm$tifz^ 

2»#cSi^4tOA>7°t . frlBIEmSffl^yK 1 4t5i:lf 
PMWn^ yvi6t MMU'^^ztWM^tiX I. ^ I. , 

[0019] :^mmzxtni. niimMA\f^iz\f=imt^ 
3 yi'y^m^ 3 tlx. mmcoiEmmti x un.v&^ 

s,mi-i>^ yry^mi'^:mv^i ^t^zxnx . -mm 

X^h<DX-h^. 

[00 20] l(7)X')l,z^ 3 y-f>Hf 3li^ 3 t?)1iS:oiE 

IS 6 a J: X/PM^ 6 b Sr — H. fT^t^ -/L-aift 1 0 . 

1 nzx-yx^ti^timi^i^s. 9tmmsi^L/; 

f^. .1 <7)##:M 8 . 9 h'r^J^-;^^* 13, 1 5 

J; TSK^ffitaitii §-1i:l> Zt^zX-.X . n > -r > -tf 
«i=-3fOIE€S6 a^tmffie b^^i^E®. Ste^iBt: 
K'T^^-zl/Sl^tc J; xmH^th <7)izimiX . A yf 
"^fyx^^m-hZhtl^X^h. Z.fl\t. \LTit^~}V 

wm\z%^ \^fzwm-^^mt^mmB>zx^'^% ^ 

hZb»X%hfz^Xt,7^-< . 
[002 1 ] § ;o(c.. +.%iJJ!t i^iif - \-%toA%mz.ii 
wx.^ y^y^M^ 3 <7^}L}j{z{m.t h lEficii^j^^ 
&ii<-rs.ri:t:J;0, ^Wm'lA.h^y'fv^'T- 

y^'"; 9 yx^mi-ft z. h ffiX'% h „ 
[00 22] m,m%zM^ -J yTy^mi'3(n±J^{zm 

i&^tix^^^mmmcnm^^. ^^ muai. ^m^m 

ib^i^ay^y^m^3tX'commm^0. 3mmUlT 

t-fizbizx-j x^m'=}i,z-{ yr^^'yx ^imti 

Zbt^X%h. 

[0023] ttz. m 1 t^Ti^^ J; 0 WM.W&AHZ 

nm^fitz 3 >-r>-»f*-f 3 coTffifitii. 3 yfy^ 
3 <7)ttffi 6 1 ^ti^'timm^ titz \z7^.~fimw i 

nzx-^x. mmMUAcommior^y y is^zmn^^-h 

[0024] :^%mcoay^y^fmmWMms.Al>zt5 
llr^^mmmWtLXii. ^mcoXo^^ayry 

^I'lHmmmmf^'^mxhtaf. ^ yt'^^fm^ij^ 
i-j^£h^v s ywmmf\. t-tzMmm'jtb 
ti:< h h^mmm^f;^-ri>^mMwmm(7}\^-ftix 
h-^xi^ii^^ifi. h^t-^t^m^^fifzmi<nwm:^ 
mth^yi'y^m^3^mm.nm^zmMLfzmm^m 

t->^^ts:hZbifimtU\ 

[ 0 0 2 5 ] iXi^zmmmub Lxiiimm^ 
mmfMz-:)\^xtm'th. 

[00 26] t^. X^^^^-^itla. 4^^U7x~^yx 
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lit- 1., 

[0 0 2 7] -eLT. i-f[S|4tOIg[21{3S^-rj:3 
±iE7° y T ^ 2 0 t T . 3 VrV^W^T ^ 1^ ji-r 

^ffM L^i7)er4^-;L'2 3 ufe^*^fc-(7)#mttigj^ 

2 4 arffM-f I. ( b ) , ^ff:>'ik. ;iOfMS>— b 2 2i0 
^ratc, W#;12 S^JiJt-ri. ( c ) , C(0##;M2 5 

(±M;t if . c u rg . A 1 }£<D^mu ^ ^zmmi^~ v 
mm^zmm-^iimt^hh. ^(^oh. tk^mmn. 

imiy-h ti^x. y^y ^m^j: t" l^z § to ii 1. 1 1 f)^^i: 
[0 0 28] ^LX. 7°U7°P'^^2 0i7)^^h'f I- 2 1 

mzayTy^m^2 6itm-fitbijiz^ zcorv 
r]y^2ocD±Ti^z. MIS ( b ) ( c ) cDM^im^m 
ffl IX ifiga fr^t^-zi^^ft 2 7 ^ftM 2 8 . ^i^m 

30b, 30c, 30d, SOe^WMl. ^<^nM^ 

mit-fi^zytjftp'&mxMm-ti 1 1 j; o , a i 

[0 0 2 9] Ty7°U'^'2 0F^tffilS$i^/:::3>' 
T>^lSi^ 2 6 OiE€Sfc J; y^'tmSfc IgfSi^- f- Of 

yfy^m^cojEmmts^x/n.vmmmizmm'immx 

mm'^m^j:^m^'imixi5<.ib^zx-ox. ay^y 
^m=f- b ^r^^-)my^to:>mmk'^i,zn^j: o^tt^ 

x% I » 

[0030] 

mmm] ( l ) B aT i Oa^cT^mmco-ty s 

mi^iy-hC^MM^Z^ Ag-P dOAM-^-XhSrffll-i 

xm2i^z9r^ifzx 0 ts^mmnmw^^mmnwmm. 

a)j^9-y^x^ ^j~yimiltZo -tofl. ^ti^><7)i^ 
-b^;^JK5 5°C. JE:fjl 5 Oks/cm^TX-mmm 

fl. ±^JIfflMl 2 2 0°Ci?)^m::fcv^TMfi£LT3y 



[003 1 ] ^LT. .l(^ayTy^mM<^i/mmi^z^ 
A g - P d (O^-x h ^rlEmmfM^ti i. UPMmjfM 

itXtm^^ ^fif s H 2 L!t J; a ^ 8 S^(7)^ii 
-t 7 S -y 3 yrV-y-^ f^S LJt , 

[00 32] zcoayry-^mi^li; ^co^m^ 
1. 6X1. 6X0. 3 ( mm3 ) . Wm'^M.^j'^ 1 1 . 

onF. ^^-^ yy^^yx^^so (pH) rfeo, 4 

(2) A-PPE (»-MiYM^^^)y x.=~\yy:si-T)V) 
mm {miU^W.= 2 0 0)5 5W.m%., :f}yxm^A 5 

^<D-U^zmm:^xv~^~\,zi. s b w^°y^lm^ J; 0 

1. 7mmX:ill. 7 mmcn^ ^ ^zf ^ ^"B^Ltz „ 

(3) -:tr. PPE (.-^°U7x:ii^yx-r;i/) 
^^L;^U;!?;K^*5 0#:«%<7)ilJ-^t^SJ;o^:. V-X 

If $ 1 5 0 Aim(7):aijc?)ieife>— h ^^L. 'ciiHtO 
ffiily- h fc^»#:«W^>7°fcJgfct--S. 

b ^mmt^fz^<^^r^^~)vmw-b lx. j^yi-yr 
-xh^^mixt'rt^-iimnimf&ifz. =Sr*3, e 

rt^-jimi^b LXli. ^#ft*^ws>TiDl*t;il^ 

Lx. 4 2^2 5 2{m\i:Tt^~ii'mmfmLfz. 

(4) ^UX^k>^U7:^'P-h (PET) m 

mfy-'^tci^'^'^-h(7)mmi^ztmmt:m^L. 1 
2Mm^ mmm^o. SMmcomm't-miztmLfz. 
^Lx. ythu'jxh (K7^7^;^A) ^mmim 
m,m^n-yfzm. ^ti^mmrMmm^^mmix 
w^^^-ymi:Lyi~y^'m:LXAEmmi^mi3Xt/ 
nmmmt^mmf^ifz. 

[ 0 0 3 3 ] ^r*j. imuzimmBMii. m&^2 0 
jj-m^ WMbWMbcommti^2o um^mm^x^-^^-y 
x'hi. 

(5) ^ IX . (2) ximitzmm'^- h commi^z^ 

|f^y- 1- (7Mi^MM^tl»'^~ btC30kg/cm2 
^iy-h'^zWS-^^fz. 

( 6 ) mz. ( 2 ) x'^Lfz^-^\zT 4 mm^fifz 
-r^}-rv^(^^^\z^ A^[z ( 1 ) X'\m.hfzMM'^x 

S -y i?' 3 y T>-tf ^ -y TSrMIM t . ^ -y Tt^MI 0 

i^tx.-^°jf >'ffii§4 0 mm. y u * 6 o#:«%^?t« 

[0 0 34] ^t^^Ht; ( 3 ) { 4 ) ^gT#S§^l/i 
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h^L. ^mmmm^zinximi^Lfz. 
( 7 ) ^Lx. ^ (^mmm^ 2 0 0 "CT 1 mmuum tx 
^±mit^^x^mmm&^fmbfz. =5^*^. mm^z 
X mmcommx-mmi^- h <^mmmm ixm^m t 
ziyr y r t ti^^ I'hyrt mmm t <Dm.mii 

llk^f^j:<^j:-oXV^fz. ^dlX. imhfz^ffym^ 
MJ¥^f)^0- 1 0 m m iOfpflSte * iWL L tz , 

[0 0 3 5] imifz^yT'y^^mM&mmuii. i 
ytr-^yxr^7-<-r^ffli^T. JUiSiti . omhz 

liSL. ^tt. fo=l/ (27r (L ■ C) 1/2) 



f,: ^WMW^ (Hz), 
L : -O'^-i^^J'VX (H) ) t 



C : If ( F ) , 



^ y ^ ^mnxwytz „ 

[00 36] t /i. :3 yTy^9iT<^\M<^W&WiOM 
[0037] itlt^J 

mz.mm.m^i^-th^)Lti:<. ^m-wmyfy^ 

mzi.-,xmm. wmm\,zym.^^tzim.wmmm. 

1 (No. 9) . nyry-ffS^^ieHSKto^c^ 

'^m.'^hmm\^tzmmmm,2 ( n o . i o ) 

[0 0 3 8] tfz. nMth^y^y^ni-h\^x. - 

.ri:=fc<. Its. \^rir^~iimf\,zx->xwsMmm 
'^^^fzmmmmm.'i (no. id ^f^t. isi 

mmm'^\'^^£->tz. 

[0039] 
[^1] 



No 




tx m 


mm 




$3 

nF 


MHz 






1 




300 


0.6 


42 


11.05 


136- 


1J.4.03 




2 




3CX) 


0.3 


34 


11.04 


140 


117.18 




3 




300 


0,2 


128 


11.04 


150 


1 02.08 




4 




300 


0.1 


252 


11.03 


leD 


64.44 




5 


fRliffi 


150 


o.a 


42 


11.03 


160 


Ba.ao 




6 




200 


o.s 


42 


11.02 


144 


110.96 




7 




400 


0.6 


4!>. 


11.02 


■118 


13555 




8 




500 


0,6 


42 


11.03 


92 


271 .60 




« 9 




300 


0^ 


4Z 


11.03 


SO 


358.19 




* 10 




' 300 


0.6 


42 


11.03 


85 


31S.18 




*11 1 f'^lR 


300 


aa 


42 


11.03 


07 


70755 





[ 0 0 4 0 ] ^ 1 o|gS*^^,HHji,*^^J; a t:. ^%mz 
a^'#. MitomS^ft-li^yry^fHi^^l^ljit. 

yr y^l*l)iMIISS (Mm o. l-8)«. ny 

ry^n'i^n'mthh'^wy'&L^Mwmiii^xfnm 

LT . ^tgj^jjg|^^i^< ^ ^ y^-^ ^yX^300pH 

v-^Tii. ^iii¥^^^<-ri.{ii;'^y3''^^'yx^ffi 

[0041] 3yv^■y^f^i^^:gH^;SgL/il^ 



ItSR (iii;f4No . 1 0 ) {i. ^yrMi-^t-Mimi^ 
nm^m^tzimm^h^j:->x\^hfzmz^ ^mwrn^i 

tnyry-if^i^ii^O. 3mmt}£gLTII^LTij 

A yf'7'9ynmmmz^m.Lx-m\Mxh-ifz. 

[0042] 

[^sJoSIjS] ±aiL/-cfflO. *^0Jtj;iiif. ny 

co:>n.T%^xx(m:f[z 2 iito»#:Ji ^jfm t . ^ to 
2 m<m^m\.zn lt . s^st^tF^^^ ^i/iisiS[<7) 
lEmsj^ i w"t€ffi& ^r^i> 3 y T y-tf to:g-iEms 
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fcd^OicOT'^-^T. ( a ) itB&IH?!!!. ( b ) {i 

[04 ] im^m^y^y^n'^i 



A wmm 

1 ffinas 

2 ^-rt'-f-i' 

3 nyry^Sli^ 

4 ^Wfr^i^ 

6 a lE^S 

6 b t«® 

7 a lESfflrtgUmS 

7 b tsfflrti^m® 

8 m 1 t02»#;Ji 

10. 11. 17 h'r^-;l'##: 



[mi] 




[03] 
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